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Abstract
Objective-Provide evidence from pro-
spective data that Neisseria gonorrhoeae
may be an important cause of premature
delivery and low birth weight in areas
with high prevalence of genital infec-
tions.
Setting-Department of Obstetrics and
Gynaecology, Kalafong University
Hospital, Pretoria, South Africa in
collaboration with the Departments of
Microbiology and of Gynaecology and
Obstetrics, Katholieke Universiteit,
Leuven, Belgium.
Subjects-Two hundred and fifty six con-
secutive black pregnant women were
examined during the first antenatal visit,
and one to four weeks later a second cul-
ture for N gonorrhoeae was taken at ran-
dom in 67 of them. Hundred and sixty
seven were analysable, 75 were lost to fol-
low up.
Methods-After obtaining detailed clini-
cal history, an endocervical specimen for
N gonorrhoeae culture (Thayer-Martin)
and C trachomatis antigen detection
(Chlamydiazyme (R)) was taken. Syphilis
was diagnosed when both reactive plasma
protein (RPR) and T pallidum haemag-
glutination inhibition assay (TPHA) were
positive. Prematurity was defined as
delivery at less than 37 gestational weeks.
Results-Infection with N gonorrhoeae
(n = 9) and untreated syphilis (n = 7)
were both associated with prematurity
and low birth weight. After multi-variate
regression analysis, age-adjusted parity,
late sexual debut, number of recent sex-
ual partners, infection with N gonor-
rhoeae and infection with syphilis
revealed significant associations with
low birth weight. However, infection
with C trachomatis, presence of abun-
dant vaginal discharge, social class,
Trichomonas vaginalis infection, gesta-
tional weeks at first antenatal visit and
number of previous miscarriages did not
reveal such an association. Attributable
risk of untreated gonorrhoea for prema-
ture birth was 72% and routine cultures
were cost-benefit efficient.
Conclusions-At least in countries where
the prevalence is high, genital infections
as well as the risk factors for acquiring
them (young age, late sexual debut, num-
ber of recent partners) play a major role
in the aetiogenesis of prematurity and
low birth weight. N gonorrhoeae is a

main contributor, and in high prevalence
areas it should be routinely looked for
and treated for during pregnancy.

(Genitourin Med 1993;69:98-101)

Introduction
Identifying preventable causes of premature
birth and premature rupture of membranes
(PROM) remains a major challenge in the
reduction of perinatal morbidity and mortal-
ity. Prematurity, among other complications,
accompanies at least 20% of pregnancies dur-
ing which syphilis was diagnosed. Maternal
infections with Chlamydia trachomatis, Group
B streptococcus, Ureaplasma urealyticum,
Mycoplasma hominis, Trichomonas vaginalis,
Staphylococcus aureus and bacterial vaginosis
have statistical associations with adverse preg-
nancy outcome. 1-6

Case reports78 and case-control studies9-'1
also suggest an association of maternal gonor-
rhoea with premature delivery and chorioam-
nionitis, but prospective data are extremely
scarce. 12

At least one prenatal cervical culture for
Neisseria gonorrhoeae is recommended during
pregnancy." In African countries, in spite of
prevalence rates of gonorrhoea as high as 5%
to 20%,'4 '5 such preventive measures are
largely non-existent'6 and when a diagnosis is
made, it may be difficult to reach the patient
for treatment.

In this study in an African setting, where
the diagnosis of syphilis and gonorrhoea was
made at the first antenatal visit, we have
prospectively related both infections with pre-
maturity and low birth weight.

Material and methods
In 1988 we examined 256 consecutive black
pregnant women at Kalafong Hospital,
Pretoria, South Africa at their first antenatal
visit for cervical N gonorrhoeae and for syphilis
serology. This was part of a larger study of
cervicitis in pregnancy.17

For culture of gonococci, the cotton-tipped
swab was transferred after three rotations in
the endocervical canal to Stuart's transport
medium according to Amies, plated the same
day on Thayer-Martin agar, and colonies
were examined after two days at 37°C.
Duplicate swabs were taken at random from
67 women during the next visit, from one
week to four weeks later.

Sera were examined by the Rapid Plasma
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Reagent flocculation test. (RPR, Welcome)
and by the Treponema pallidum haemaggluti-
nation inhibition test (TPHA, Cambridge
Biomedical). Syphilis was only diagnosed
when both assays were positive.
Of the 256 pregnancies 167 delivered

(birthweight > 500 g) at Kalafong Hospital
and were included in the analysis. Seventy-
five women who did not return to Kalafong
Hospital and about whom we have no infor-
mation, nine pregnancies ending in a sponta-
neous abortion, one with a uterus didelphus
and four with twins were excluded from
analysis of pregnancy outcome. No differ-
ences were noted between the studied group
and the group of excluded women, apart
from a slightly lower infection rate ofN gonor-
rhoeae and C trachomatis, most likely due to
lack of duplicate swabs in the lost-to-follow-
up group (table 1).

Syphilis screening had been routinely
performed before this study, but it remained
difficult to track positive pregnant women for
treatment. Similarly it was not possible to
enforce treatment of gonorrhoea during this
study. Thus only eight of the 15 analysable
women with positive syphilis serology, and
none of the nine women with positive cul-
tures for N gonorrhoeae, were reached for
treatment during pregnancy.
None of the 256 women had antibodies

against HIV-1 and HIV-2 (Abbott recombi-
nant combined HIV-1/HIV-2 enzyme

Table 1 Comparison of study population (n = 167)
versus group ofpatients excludedfrom analysis (see text)
(n = 89).

Study Excluded

Age (years) 26-8 (6.8) 26-7 (6-1)
Gravity 2-8 (1-7) 2-9 (1-7)
Parity 1-6 (1-6) 1-7 (1-6)
Previous miscarriages 0-2 (0.6) 0-2 (0.5)
Living children 1-4 (1-5) 1-5 (1-5)
Age of sexual debute (years) 17-1 (2-1) 17-0 (2.6)
Recent sex partners 2-8 (1-7) 2-6 (1-6)
Gestational weeks 1st visit 25-8 (7.8) 23-2 (8.1)
Syphilis

no adequate treatment 7 (9%) 8 (*) (9%)
adequate treatment 8
healed infection a 32 (19%) 14 (16%)
never infected 120 (72%) 68 (76%)

Ngonorrhoeae 9 (5%) 1 (1%)
C trachomatis 22 (13%) 4 (4%)
Leucorrhoea 70 (42%) 31 (35%)

In brackets standard deviation (SD) is given for mean values
or percentage (%) for numbers.
*As no information on treatment was available in the lost-to-
follow-up group, percentage is referring to total infected by T
pallidum.

Table 2 Stepwise multi-variate regression analysis of 10 variables influencing birth-
weight. R-squared of regression model including the firstfive variables: 0 193

Standardised
regression Additive

Variable coefficient R2 Probability

Ngonorrhoeae - 0-16 0-022 0.039
Syphilis - 0-15 0-020 0049
Parity category (*) 026 0-058 0 001
Age of sexual debute (years) - 0-23 0.049 0-002
Sexual partners - 0-17 0-028 0.019
Leucorrhoea 0-016 0.077
Social class 0-013 0 1
Weeks at first visit 0-012 0.1
Miscarriages 0.003 0.4
C trachomatis 0 001 0-7

*Parity category: maternal age < 25 years and parity < 3 or maternal age > = 25 and parity < 4
is defined as low parity category.'8

immuno-assy, or EIA). An EIA for the pres-
ence of Chlamydia trachomatis antigen on the
endocervix was performed on stored samples
according to the manufacturer's instructions
(Chlamydiazyme Abbott).

Statistical analysis of the basic frequency
tables was made by the chi square test and by
the Fisher's exact test when the former was
not appropriate. Relative risk with 95% confi-
dence intervals and significance levels were
given when relevant. Confounding was evalu-
ated by estimating the Mantel-Haenszel rela-
tive risk. Independence of associations with
birthweight was tested by multi-variate step-
wise regression analysis. In order to account
for the interaction between age and parity,
two age-adjusted parity categories were used
(table 2).'8 Means of continuous variables
with a standard normal distribution were
compared by Student's t test.

Results
Fifteen women had evidence of recent
syphilis (9%). Of these, eight women had
been adequately treated, four were not trea-
ted at our institution and could not recall
having had treatmnent elsewhere, and three
recalled they were definitely not treated. In
analysing the association of "untreated
syphilis" with pregnancy outcome, the latter
seven were taken as one group. Thirteen per-
cent of the women had positive chlamydia
antigen and nine (5.4%) had untreated N
gonorrhoeae during pregnancy.

Seventeen percent delivered before com-
pletion of 37 gestational weeks. After multi-
variate regression analysis, younger women,
women having multiple recent partners (dur-
ing last six months) and women with late sex-
ual debut had babies with lower birth weight
(table 2). The interval between sexual debut
and the index pregnancy was reciprocally
linked to birthweight (p = 004). Other socio-
demographic or obstetric characteristics were
not associated with low birth weight (table 2)
or with higher prematurity rates (data not
shown).
Women with C trachomatis had more pre-

mature births (27% vs 16%), but this ten-
dency was not significant (RR 2.0, C.I.95%
0.6-6. 1) (table 3). The isolation of N gonor-
rhoeae on the other hand, was strongly associ-
ated with a premature birth (RR 6.0,
C.I.95% 1.5-34-0) and with lower birth
weight (2252 vs 2970 g, p < 0 005), a ten-
dency which remained unchanged after
multi-variate analysis (table 2).
Of the 67 duplicate specimens three N gon-

orrhoeae culture pairs were concordant posi-
tive, 60 were concordant negative and four
(6%) were discordant. Of the four discordant
specimens the swab taken first was negative
in three cases and the swab taken second was
negative in one. The mean time lag between
first and second culture specimen was only
2.5 ± 1.5 weeks, indicating that neither rein-
fection nor treatment was likely to have inter-
vened. In the subgroup with known perinatal
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outcome the mean birthweight was 2313 g

when both maternal duplicate specimens
were positive (n = 3), compared to 2947 g

when only one of the duplicate swabs was

positive (n = 3, p 0 2). One (8%) of 13 gono-

coccal isolates showed in vitro resistance to
penicillin.

In general, the finding of a positive RPR
and TPHA was not as such associated with
an increased risk for premature delivery or

,low birth weight (table 3). However, among
those who received no appropriate treatment,
positive RPR was associated with both pre-
maturity (RR 4-8, C.I.95% 4.2-105) and
low birth weight (2131 vs 2990 g, p = 0.02).
After multi-variate analysis this association
remained significant (table 2).

Both untreated syphilis in the absence of
gonorrhoea and untreated gonorrhoea in the
absence of syphilis resulted in lower birth-
weight and increased prematurity (tables 2
and 4). When both gonorrhoea and syphilis
occurred simultaneously, however, the risk
for the newborn to have a low birthweight or

to be born prematurely was higher than with
either infection alone (table 4).
Among the women with gonorrhoea, the

risk for premature birth could be reduced by
72% (C.I.95% 0O62-0.87), should there be
no gonorrhoea present (attributable risk
among the exposed). Likewise 13% (C.I.95%
0.05-0.20) less prematurity could have
resulted when gonorrhoea could be comple-
tely eradicated in this population (attributable
risk among the population).

Discussion
The present data confirm that early detection
and adequate treatment of syphilis during or

before pregnancy remains a major challenge
in high-prevalence countries. Our data add
N gonorrhoeae to the list of possible contribu-
tors to elevated prematurity rates and low
birth weight. Like C trachomatis,194 N gonor-

rhoeae may in certain circumstances lead to
chorioamnionitis, prematurity and growth
retardation, even with intact foetal mem-

branes.79
Besides syphilis and N gonorrhoeae infec-

tion, low age-adjusted parity, multiple recent
sex partners and late sexual debut were risk
factors for lower birth weight. While the for-
mer two were since long recognised as risk
factors for lower birth weight and prematur-
ity, late sexual debut may at first seem a

rather unusual risk. However, the shorter
interval between sexual debut and actual
pregnancy may increase the risk for active
genital infection and hence explain the
elevated prematurity rates.

In developing countries tracing and treat-
ing gonorrhoea during pregnancy is limited
by the frequent absence of symptoms and the
difficult implementation of treatment to all
positive women. Routine endocervical cul-
tures and treatment for gonorrhoea should be
promoted in pregnancy, in addition to rou-

tine postnatal ocular prophylaxis as a measure

to prevent neonatal complications caused by
N gonorrhoeae. As the presence of N gonor-
rhoeae and other pathogens in the cervix is

Table 3 Genital infection versus premature delivery and mean birthweight. Only significant differences are marked in
this table

Genital infection atfirst Proportion Mean birth
antenatal visit < 37 weeks Significance weight (SD) Significance

Leucorrhoea absent 16/97 (16%) 3010 (593)
present 13/70 (19%) 2756 (793) p = 0-025

Syphilis
Positive RPR, positive TPHA 5/15 (30%) 2589 (744)
a treatment before pregnancy 0/3 3140 (300)

treatment during pregnancy 0/5 2900 (474)
total treated 0/8 2990 (433)

b probably no treatmentt 3/4 2323 (853)
no treatment 2/3 1877 (516) p = 0.009*
total untreatedt 5/7 p = 0.007* 2131 (760) p = 0.024*

Negative RPR
c Pos. TPHA (healed inf.) 4/32 (32%) 2958 (541)

neg. TPHA (never infected) 20/120 (17%) 2928 (716)
total negative 24/152 (16%) 2934 (683)

Ngonorrhoeae negative 24/158 (15%) 2970 (623)
positive 5/9 (56%) p = 0009 2252 (783) p = 0-0048

C trachomatis negative 23/145 (16%) 2919 (694)
positive 6/22 (27%) 2803 (699)

RPR: Reactive Plasma Reagent, TPHA: Tpallidum haemagglutination assay. t = received no treatment in our institution,
*compared with "total treated".

Table 4 Combined effect on premature birth and birthweight of untreated syphilis and gonorrhoea

Birth-weight Statistical differentce (birth weight)
Gonorrhoea Syphilis Preterrn* (SD) vs G- IS- vs G + /S- vs G- IS+

- - 21/153 (14%) 2955 (668)
- + 3/ 5 (60%) 2486 (597)
+ 3/ 7 (42%) 2540 (647)
+ + 2/ 2 (100%) 1245 (185) p < 0 00001 p = 0-002 p = 0-009

*The effect of combined infection with syphilis and N gonorrhoeae on prematurity rates is greater than can be expected from the
sum of the individual contribution of both infections (Mantel-Haenszel confounding): ORk1H 12-1 (CL95 1-7-85-9). When both
infection occur simultaneously, birth weight is also less than when gonorrhoea (G + /S - ) or syphilis G - /S - ) occurs alone.
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usually associated with severely disturbed
vaginal flora,417 routine Pap smears may be
useful to select patients who need further
microbiological studies.

Ideally, two specimens from the endocervix
or from different sites, such as the urethra,
should be taken. By statistical inference one
can presume from the duplicate swab series
that two out of seven N gonorrhoeae infections
would have been missed by taking only one
swab. In non-pregnant women a single endo-
cervical swab will recover 90% of N gonor-
rhoeae infections, while either two consecutive
endocervical swabs or an endocervical plus
anal culture would recover over 99% of infec-
tions."3 In pregnancy similar data are not
available, but some reluctance for adequate
sampling of infected material from inside the
endocervical canal may account for part of
the lower yield of a single swab, as the preg-
nant condition may predispose for complica-
tions like excessive cervical bleeding or
traumatic rupture of the foetal membranes. It
would be of interest to investigate whether
concordant positive swabs correlate to a
higher infectious potential of N gonorrhoeae
than discordant swabs, thereby possibly lead-
ing to more severe pregnancy complications.
In the present series no such difference could
be proven, but numbers were small.

In univariate analysis, leucorrhoea was sig-
nificantly associated with low birth weight
and an increase in prematurity rates. Recently
vaginal discharge caused by bacterial vagi-
nosis was found to be an independent risk
factor for preterm labour.5 In the present
series, however, the association of premature
delivery or low birth weight and leucorrhoea
was not significant after multi-variate analy-
sis, indicating that the link between leucor-
rhoea and preterm delivery was probably
mediated through gonorrhoea and, to a lesser
extent, syphilis.

Inadequate laboratory facilities may ham-
per the routine practice of endocervical cul-
tures for N gonorrhoeae during pregnancy in
many African countries. However, the burden
of infection-related prematurity must not be
overlooked. Of all premature births among
women with gonorrhoea in the present series,
72% could have been related to N
gonorrhoeae. If gonorrhoea were eliminated,
prematurity might be reduced by 13% in this
population. Estimating cost of a Thayer-
Martin culture at £3, sensitivity of culture
during pregnancy at 80%, treatment efficacy
at 90%, treatment of uncomplicated N gonor-
rhoeae infection at £1.5 per patient, treatment
efficacy at 90%, and the mean cost of inten-
sive care at £7 15 per premature newborn, the
cost-benefit ratio would be 2.9 in favour of
routine screening versus no screening in this
population on the basis of such direct costs
only.

It is concluded that untreated gonorrhoea

and syphilis during pregnancy are associated
with prematurity and low birth weight.
Therefore, in addition to routine RPR testing
and ocular prophylaxis of the newborn, swabs
from the endocervical canal, in duplicate if
possible, should ideally be plated on a
Thayer-Martin plate at least once during
pregnancy in high risk communities.
Although the cost-benefit of this approach
seems clearly favourable, practical problems
due to inadequate diagnostic facilities warrant
a continued search for simple and cheap trac-
ing tools for gonorrhoea and other genital
infections during pregnancy in Africa.
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